Abstract: Hydrogenobacter acidophilus strain 3H-1 is a thermoacidophilic, obligately chemolithoautotrophic, hydrogen-oxidizer isolated from a Japanese solfataric field. Strain 3H-1 requires elemental sulfur for growth. We used PCR to amplify the 16S rRNA gene of strain 3H-l, and sequenced the amplification product directly. Phylogenetic analyses show strain 3H-1 is closely related to Aquifex pyrophilus and may be located in the deepest branch within the eubacterial phylogenetic tree. Sulfur-dependency of the ancestral eubacterium is also discussed.
Introduction
Hydrogenobacter acidophilus strain 3H-1 is a thermoacidophilic, obligately chemolithoautotrophic, microaerophilic, hydrogen-oxidizer isolated from a Japanese solfataric field [1] . The optimum growth conditions of stain 3H-1 are 65°C and pH 3-4. Strain 3H-1 can grow by sulfur-oxidation and its growth is accelerated by oxidation of hydrogen gas. SO4 z-is produced during growth with elemental sulfur. However, strain 3H-1 cannot grow by hydrogen oxidation without elemental sulfur or thiosulfate. Thus, strain 3H-1 is a 'sulfur-dependent hydrogenoxidizer', the first isolate of this type of organism. Strain 3H-1 shares several significant phenotypic characteristics with known Hydrogenobacter species, although Hydrogenobacter species previously isolated grow by hydrogen-oxidation without reduced sulfur compounds [1, 2] .
The 16S rRNA of Aquifex pyrophilus, a microaerophilic, hydrogen-oxidizing hyperthermophile has been sequenced [3, 4] , and phylogenetic analysis indicates the A. pyrophilus lineage is probably the deepest in the eubacterial tree.
The partial 16S rRNA sequence of Hydrogenobacter thermophilus TK-H is nearly 90% identical with that of A. pyrophilus, indicating a close 120 relationship between those organisms. We report in this paper the phylogenetic position of another Hydrogenobacter, H. acidophilus strain 3H-l, and discuss the idea that the ancestral eubacterium was a sulfur-dependent thermophile.
996-1044, and 1129-1147) were omitted from the analysis. A software package, ODEN version 1.1.1. (National Institute of Genetics, Mishima, Japan) was used to generate the Knu c values [6] and to reconstruct the phylogenetic tree based on the neighbor-joining method [7] from Knu c values.
Materials and Methods
The 16S rRNA gene of strain 3H-1 was sequenced as described previously [5] , but primer 260F (5'-ATCAGGTAGTTGGTGGGGT-3') was used instead of primer 390F. The evolutionary distances (Knu c values) were calculated for 934 nucleotides from position 105 to 1367 (E. coli numbering system). Nucleotides undetermined for any of the sequences and regions of uncertain alignment (position 174-235, 407-498, 831-855,
Results and Discussion
The 16S ribosomal RNA gene from strain 3H-1 was analyzed. Sequence differences with respect to the 16S rRNA gene of several eubacteria and archaea are shown in Table 1 , and the phylogenetic tree constructed from the data in Table 1 is shown in Fig. 1 . The 16S rRNA sequence data indicate that strain 3H-1 is a eubacterium. Eubacteria and archaea tend to inhabit different Table 1. types of environments, and all thermoacidophiles previously reported to grow optimally at > 65°C and < pH 3 are archaea [8] . However, strain 3H-1 grows under these conditions. Comparison of 16S rRNA sequences indicates that strain 3H-1 is closely related to A. pyrophilus and may be located in the deepest known branch within the eubacteria. The deep branches of the eubacterial phylogenetic tree are dominated by thermophilic species, giving rise to the inference that the ancestral eubacterium lived under thermophilic conditions [9] . The placement of strain 3H-1 on the same branch with Aquifex strengthens the argument that eubacteria derive from a thermophile. The ancestral phenotype of archaea is inferred to be most like that of the extreme thermophiles [10] . The extremely thermophilic archaea are composed of aerobic sulfur-oxidizers and anaerobic sulfur-reducers, which together are desig-121 nated 'sulfur-dependent extreme thermophiles'. The ancestral archaeum is postulated to be an extremely thermophilic anaerobe that derived its energy from the reduction of sulfur [10] . Aquifex and Hydrogenobacter can grow autotrophically not only by hydrogen-oxidation but also by sulfur-oxidation. In addition, A. pyrophilus produces H2S from H 2 and S O in the late logarithmic growth phase [3] . The sulfur-dependency of strain 3H-1 combined with the sulfur-reducing and -oxidizing ability of A. pyrophilus make it tempting to think that sulfur-dependent thermophiles occupy the bottom of the eubacterial phylogenetic tree, and that the common ancestor of eubacteria and archaea was a sulfur-dependent thermophile.
